The optical properties of the CdO and Pt doped CdO thin lms synthesized by solgel technique were investigated. The lowest grain size value (81.34 nm) was found to be for CdO thin lm. The Pt doped CdO lms are transformed to clusters with nanoparticles. The transparency properties of the CdO thin lm is changed with Pt doping. The plots of refractive index indicate abnormal and normal dispersion regions. The refractive index values of the CdO thin lm are changed with Pt doping. The direct optical band gap values of the lms were changed with doping of Pt. The lm of 0.5% Pt doped CdO indicates the lowest optical band gap value (2.421 eV). The imaginary parts of the optical conductivity of the CdO and Pt doped CdO thin lms are higher than that of the real parts of the optical conductivity.
Introduction
In recent years, there have been many works on the production and investigation of the physical properties of transparent conducting oxide (TCO) materials due to their electrical and optical properties such as low resistivity and high optical transmittance [15] . The rst report of a TCO was published in 1907, when Badeker reported that thin lms of Cd metal deposited in a glow discharge chamber could be oxidized to become transparent while remaining electrically conducting [5] . Since then, the commercial value of TCO thin lms has been recognized [5] , and the list of potential TCO materials has expanded with doping of various materials [6] .
TCOs have great importance in the semiconductor, electronic and optoelectronic devices [7] . Thin lms of n-type transparent conducting oxides (n-TCOs) such as zinc oxide (ZnO) [8] , cadmium oxide (CdO) [911] , indium oxide (In 2 O 3 ) [12] , tin oxide (SnO 2 ) [13] , indium tin oxide (ITO) [14] and p-type transparent conducting oxides (p-TCOs) such as CuAlO 2 [15, 16] , SrCu 2 O 2 [17] , tin gallium oxide [18] , etc. have received considerable attention mainly due to their important potential applications, which include photovoltaic solar cells, gas sensors, transparent electrodes, and other optoelectronic devices [7] .
TCO thin lms such as ZnO, InO, SnO 2 , ITO and CdO have attracted considerable attention because of * corresponding author; e-mail: fyhanoglu@firat.edu.tr their low resistivity and high optical transmittance [15] .
TCOs are used due to their optical, sensitive to light and electrical properties, for photodiodes, solar cells, smart windows, at panel display and light emitting, surface acoustic wave device, varistors, photovoltaic materials, liquid crystal displays, gas sensors, transparent conducting electrodes, phototransistors, optical heaters etc. other optoelectronic applications [6, 1927] . The high conductivity of TCO lms results mainly from stoichiometric deviation. The conduction electrons in the TCO lms are supplied from donor sites associated with oxygen vacancies or excess metal ions [28] . The oxide is insoluble in water, absorbs CO 2 from air and can be reduced to the conducting oxides which have received very little attention; though it is one of the promising candidate for optoelectronic eld [5, 2931] .
Among dierent TCOs, CdO is considered as a promising material for photovoltaic applications due to its high electrical conductivity and optical transmittance in the visible region of solar spectrum [32] and CdO is particularly interesting due to its low resistivity and high carrier concentration, which endows it great potential for using in optoelectronic devices [6, 33, 34] . CdO based TCOs are of great interest due to their metal like charge transport behavior with an exceptionally large carrier mobility and good optical transparency in the visible region [3537] . The CdO has special features such as high conductivity, high transmission, and low band gap which made it applicable in photodiodes, solar cells, at panel displays, smart windows, optical communications, thin--lm resistors, phototransistors, photovoltaics, transpar-(798) ent conducting electrodes, liquid crystal displays, IR detectors, and antireecting coatings [5, 30, 31, 38] . Due to its low optical band gap, non-stoichiometric undoped CdO is not widely used in optoelectronics and photovoltaics, although CdO thin lms show low resistivity due to defects of oxygen vacancies and cadmium interstitials [24, 34] . CdO is an n-type semiconductor with a NaCl (a rock-salt crystal structure (fcc)) structure [27] and band gap values of 2.5 eV [39] [53] . The n-type conduction of undoped CdO was attributed to its native oxygen vacancies and cadmium interstitials [54] . CdO shows very high electrical conductivity even without doping due to the existence of shallow donors caused by intrinsic interstitial cadmium atoms and oxygen vacancies [1, 46] . Researchers are trying to modify the synthesis procedure for CdO thin lms with the aim to improve chemical and physical properties of this material and try to synthesize nanostructures with well dened geometrical shapes (e.g., spheres, cubes, rods, wires, tubes, tetrapods, ribbons, disks, and platelets). Researchers eort to organize them as 2-and 3-dimensional assemblies has further expanded the possibility of developing new strategies for light energy conversion.
The rst six shapes are being intensively studied for renewable energy applications [74] reported that the bandgap of the CdO lm is decreased by Cu doping and among the Cu doped CdO lms, the bandgap was observed to increase with increase in copper doping level.
Furthermore, some scientists made many researches on optical properties on the pure CdO and doped CdO thin lms. Yakuphanoglu [90] reported that the transparency of the nanoclusterCdO lm lies in the range of 7080% in the visible range and it reaches a 92% value in the visible range and with its optical band gap E g of 2.27 eV.
Dakhel [91] The transmittance spectra of the CdO and Pt doped
CdO thin lms were measured to investigate their optical properties and they are shown in Fig. 2a . In the visible region, the average transmittance values of the CdO and Pt doped CdO thin lms were calculated and given in [90] . As seen in Table II Table II .
As seen in Table II The reectance spectra of the CdO and Pt doped CdO thin lms is shown in Fig. 3 . As seen in Fig. 3 , reectance spectra of the CdO thin lms changes with doping of Pt and the reectance spectra of the 0.5% PtCdO thin lm is the highest value, while the reectance spectra of the 2% PtCdO thin lm is the lowest value of all the lms.
The refractive index is an important parameter for optical applications. Thus, it is important to determine optical constants of the CdO and Pt doped CdO thin lms and the complex optical refractive index of the lms is expressed aŝ
where n is the real part and k is the imaginary part of complex refractive index. The optical properties of the lms are characterized by refractive index. The refractive index of the lms can be obtained from the following equation [93] :
The refractive index values of the CdO and Pt doped CdO thin lms were calculated from Eq. (2). 
where h is Planck's constant, ν is the frequency, E is the photon energy, E 0 is the average excitation energy for electronic transitions, and E d is the dispersion energy, can be increased with doping of Pt. The dispersion energy value (1.648 eV) of the CdO thin lm is lower than that value (7.17 eV) of the pure CdO thin lm in the literature [80] , while the dispersion energy value (2.869 eV) of the 1% Pt doped CdO thin lm is higher than that value (1.85 eV) of the 1% B doped CdO thin lms in the literature [80] . As seen in Table II , the E d /E 0 ratio (1.756) of the 0.5% PtCdO thin lm is the highest value of all the lms, while the E d /E 0 ratio (0.581) of the pure CdO thin lm is the lowest value of all the lms. This suggests that the E d /E 0 ratio of the CdO thin lm can be increased with doping of Pt.
The refractive index can be also analyzed using the following relation [94] :
where n ∞ is the long wavelength refractive index and λ 0 is the average oscillator wavelength. The n ∞ and (Fig. 6 ) and were calculated and given in Table II .
As seen in Table II , the n ∞ and λ 0 values of the CdO thin lm change with doping of Pt. The n ∞ value (1.211) of the 2% PtCdO thin lm is the lowest value of all the lms, while the n ∞ value (1.974) of the 0.5% Pt CdO thin lm is the highest value of all the lms. This suggests that the n ∞ of the CdO thin lm can be both reduced and increased with doping of Pt. The n ∞ value (1.343) of the CdO thin lm is lower than that value (1.7)
of the pure CdO thin lm in the literature [80] , while the n ∞ value (1.702) of the 1% Pt doped CdO thin lm is higher than that value (1.27) of the 1% B doped CdO thin lm in the literature [80] . Similarly, the λ 0 value 
where S 0 = (n Table II . As seen in Table II, 
Optical band gap properties of the CdO and Pt doped CdO thin lms
The optical band gap of optical transitions can be obtained dependence of absorption coecient on photon energy. It is evaluated that the band structure of the lm obeys the rule of direct transition and in a direct band gap material; the absorption coecient dependence on photon energy is analyzed by the following relation [93, 95] :
where A is a constant, hν is the photon energy, E g is the optical band and m is the parameter measuring type of band gaps. The complex dielectric constant is described aŝ
where ε 1 is the real part and ε 2 is the imaginary of the dielectric constant. The imaginary and real parts of dielectric constant are given as [97] :
and
where k = αλ/4π. The susceptibility associated with electron transitions from band i to band j is expressed as [98] :
where k is the wave number vector, hν jik is the energy dierence between the state k in band i and the state k in band j and f jik is the oscillator strength for this transition. The electrical susceptibility due to the intraband transitions of free carriers can be obtained from the optical constants and it is determined as [99] :
where ε 0 is the dielectric constant in the absence of any contribution from free carriers. The electric susceptibility of the CdO and Pt doped CdO thin lms dependence of photon energy is shown in Fig. 9 . As seen in Fig. 9 , the electric susceptibility (χ c ) of the CdO and Pt doped 
where σ 1 is the real part of conductivity and σ 2 is the imaginary part of conductivity.
The real part and imaginary parts of the optical conductivity of the CdO and Pt doped CdO thin lms are shown in Fig. 10a ,b, respectively. As seen in Fig. 10a , the 
